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1
SYSTEMS AND METHODS FOR
QUANTIFYING AND PROVIDING INDICIA
OF ST-SEGMENT RESOLUTION IN AN ECG
SIGNAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/544,811, filed Aug. 20, 2009, now U.S. Pat.
No. 8,290,573, which claims the benefit of U.S. Provisional
Application No. 61/090,789, filed Aug. 21, 2008, the disclo-
sures of which are incorporated herein by reference.

TECHNICAL FIELD

This disclosure generally relates to cardiac analysis.

SUMMARY

Systems and methods are provided for quantifying and
providing indicia of ST-segment resolution in an electrocar-
diogram (ECG) signal. In one embodiment, a receiver
acquires an ECG signal through a plurality ofleads. The ECG
signal includes, for each of a plurality of detected heart beats,
an ST-segment between a QRS complex and a T wave. A
processor processes the ECG signal to determine values for
the ST-segment relative to an isoelectric value. One or more
controls provide a user selected baseline signal to the proces-
sor. The processor responds to the baseline signal by marking
a baseline ST-segment value corresponding to a baseline
time. A user interface in communication with the processor
displays a linear graphical trend of variations in the measured
ST-segment values relative to the baseline ST-segment value.
In certain embodiments, the processor detects a trigger event
relative to at least one of the baseline time and the baseline
ST-segment value, and provides indicia of the trigger event. In
addition, or in other embodiments, a verbal annunciation of a
percent ST-segment resolution is provided.

Additional aspects and advantages will be apparent from
the following detailed description of preferred embodiments,
which proceeds with reference to the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 graphically represents a typical ECG signal of a
heart of a normal, healthy person and includes a P wave, a Q
wave, an R wave, an S wave, and a T wave;

FIGS. 2A and 2B graphically represent respective ECG
signals that differ from the typical ECG signal shown in FIG.
1

FIG. 3 is a simplified block diagram of a system for moni-
toring ST-segment resolution according to one embodiment;

FIG. 4 graphically illustrates a user interface for displaying
a linear graphical trend of an ST-segment in a selected lead
according to one embodiment;

FIG. 5 graphically illustrates a user interface for displaying
percent ST-segment resolution values per ECG lead at prede-
termined or user selected times according to one embodi-
ment;

FIG. 6 is a flow chart illustrating a method for dynamically
monitoring ST-segment resolution in a patient according to
one embodiment;

FIG. 7A graphically represents using a selected post
J-point time in an ST-segment to evaluate ST-segment reso-
Iution according to one embodiment;
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FIG. 7B graphically represents using multiple post J-point
times in an ST-segment to evaluate ST-segment resolution
according to another embodiment;

FIG. 8 is a flow chart illustrating a method for monitoring
ST-segment resolution in a patient according to one embodi-
ment;

FIG. 9A graphically illustrates a user interface for display-
ing a plurality of overlapped ECG signals according to one
embodiment;

FIG. 9B graphically illustrates a user interface that displays
an enlarged version of a baseline ECG signal overlapping a
current ECG signal according to one embodiment;

FIG. 10 graphically illustrates a user menu interface usable
with the system shown in FIG. 3 according to one embodi-
ment;

FIG. 11 graphically illustrates a user menu for selecting a
post J-point value according to one embodiment;

FIG. 12 graphically illustrates a user menu for selecting ST
presentation options according to one embodiment; and

FIG. 13 graphically illustrates a user menu for selecting
groups of leads for display according to one embodiment.

DETAILED DESCRIPTION

Electrical waves cause the heart muscle to pump. These
waves pass through the body and may be measured using
electrodes attached to a patient’s skin. Flectrodes on different
sides of the heart measure the activity of different parts of the
heart muscle. An electrocardiogram (ECG) displays voltages
between pairs of electrodes (leads) from different directions.
Thus, an ECG may beused to display an overall rhythm ofthe
heart and weaknesses in different parts of the heart muscle.

ECGs are used to measure and diagnose abnormal rhythms
of the heart, including abnormal rhythms caused by damage
to the conductive tissue that carries electrical signals. The
ECG may be measured using various lead systems. Generally,
the ECG is obtained by using a standard 12-lead arrangement,
but it can be obtained by using other lead systems including,
for example, a 3-lead system.

When patients have myocardial ischemia or injury, an ST
portion (discussed below) of the ECG signal in affected leads
may deviate from an isoelectric line. The affected leads may
indicate an ST elevation from the isoelectric line, and the
reciprocal leads may indicate ST depression from the isoelec-
tric line. Cardiologists quantify ST-segment resolution in the
affected leads to identify which patients with ST elevation
myocardial infarctions (STEMI) are at greater risk and may
need more aggressive intervention.

In one embodiment disclosed herein, an automated method
is used to quantify and display ST-segment resolution in
affected ECG leads. The method provides for the automation
and presentation of a user selected baseline ST-segment mea-
surement, an elapsed time per ECG lead from the baseline
measurement to a user selected percentage of ST-segment
resolution (e.g., time to 20%, 30%, 50% and/or 70% ST-
segment resolution), and/or a percent ST-segment resolution
per ECG lead at a user selected time (e.g., at 30, 60, 90, and/or
180 minutes) following measurement of the selected base-
line. The user (e.g., clinician) may select which of these
measures to display. For example, the user may select to view
an elapsed time to 50% ST-segment resolution on a linear
graphical trend, and/or the percentage ST-segment resolution
at 60 minutes.

In one embodiment, a method for dynamically monitoring
ST-segment resolution in a patient includes acquiring an ECG
signal that includes, for each of a plurality of detected heart
beats, an ST-segment between a QRS complex and a T wave.



US 9,125,579 B2

3

The method further includes, at a user selected time, deter-
mining a baseline value for the ST-segment relative to an
isoelectric value, measuring a plurality of ST-segment values
relative to the isoelectric value for a plurality of heart beats
over time, and displaying a linear graphical trend of variations
in the measured ST-segment values relative to the baseline
value. In certain embodiments, the method also includes
detecting a trigger event relative to at least one of the user
selected time and the baseline value, and providing indicia of
the trigger event.

In addition, or in another embodiment, an audible annun-
ciation is provided of percent ST-segment resolution from a
baseline measurement. In a cardiac catheter laboratory (“cath
lab”), for example, interventional cardiologists perform pro-
cedures such as coronary angiography that generally require
a focus on the instrumentation of devices in the heart. For
example, the cardiologist or other clinician may perform
intermittent fluoroscopic visualization of heart chambers and
vessels. Thus, monitoring of the ECG and other vital signs
may be performed by other persons in the lab. The cardiolo-
gist, however, may desire to be quickly informed about acute
changes in ST-segments. Thus, this embodiment provides
annunciation of percent ST-segment resolution (e.g., of one or
more selected leads) from baseline measurements.

In one embodiment, a method for monitoring ST-segment
resolution in a patient includes acquiring a plurality of ECG
signals from respective leads attached to a patient, each ECG
signal including an ST-segment between a QRS complex and
a T wave for each of a plurality of detected heart beats. For
each lead, the method also includes determining a percent
ST-segment resolution as compared to respective baseline
values. The method further includes comparing each of the
percent ST-segment resolutions to a threshold value, and
(based on the comparison) providing a verbal annunciation of
the percent ST-segment resolution values that meet or exceed
the threshold value. The verbal annunciation may also include
an identification of a corresponding lead for each percent
ST-segment resolution value that meets or exceeds the thresh-
old value. In certain embodiments, for each respective lead,
the method includes displaying an overlapping baseline ECG
signal and a current ECG signal. For each of the percent
ST-segment resolution values that meets or exceeds the
threshold value based on the comparison, the method may
also include highlighting (e.g., enlarging) the respective dis-
play of the overlapping baseline ECG signal and the current
ECG signal.

The embodiments of the disclosure will be best understood
by reference to the drawings, wherein like elements are des-
ignated by like numerals throughout. In the following
description, numerous specific details are provided for a thor-
ough understanding of the embodiments described herein.
However, those of skill in the art will recognize that one or
more of the specific details may be omitted, or other methods,
components, or materials may be used. In some cases, opera-
tions are not shown or described in detail.

Furthermore, the described features, operations, or charac-
teristics may be combined in any suitable manner in one or
more embodiments. It will also be readily understood that the
order of the steps or actions of the methods described in
connection with the embodiments disclosed may be changed
as would be apparent to those skilled in the art. Thus, any
order in the drawings or Detailed Description is for illustra-
tive purposes only and is not meant to imply a required order,
unless specified to require an order.

Embodiments may include various steps, which may be
embodied in machine-executable instructions to be executed
by a general-purpose or special-purpose computer (or other

10

15

20

25

30

35

40

45

50

55

60

65

4

electronic device). Alternatively, the steps may be performed
by hardware components that include specific logic for per-
forming the steps or by a combination of hardware, software,
and/or firmware.

Embodiments may also be provided as a computer pro-
gram product including a machine-readable medium having
stored thereon instructions that may be used to program a
computer (or other electronic device) to perform processes
described herein. The machine-readable medium may
include, but is not limited to, hard drives, floppy diskettes,
optical disks, CD-ROMs, DVD-ROMs, ROMs, RAMs,
EPROMs, EEPROMs, magnetic or optical cards, solid-state
memory devices, or other types of media/machine-readable
medium suitable for storing electronic instructions.

FIG. 1 graphically represents a typical ECG signal 100 of
aheart of a normal, healthy person and includes a P wave, a Q
wave, an R wave, an S wave, and a T wave. The P wave
represents atrial depolarization. The initial portion of the P
wave is largely a reflection of right atrial depolarization and
the terminal portion is largely a reflection of left atrial depo-
larization. When visible, the Q wave is any initial downward
deflection after the P wave. The typical Q wave represents
septal depolarization. The R wave is the first upward deflec-
tion after the P wave and represents early ventricular depo-
larization. The S wave is the first negative deflection after the
R wave and represents late ventricular depolarization. The T
wave is normally upright, somewhat rounded and slightly
asymmetric. The T wave represents repolarization of the ven-
tricles. A QRS complex 110 begins at the onset of the Q wave
and ends at the endpoint of the S wave. The QRS complex 110
represents the duration of ventricular depolarization.

Generally, little or no electrical activity is visible along an
isoelectric line 112 during a PR-segment 114 and an ST-
segment 116 of the ECG signal 100. The PR-segment 114
begins at an endpoint of the P wave and ends at the onset of the
QRS complex 110. The PR-segment 114 represents the time
it takes for an electrical impulse to reach the ventricles from
the A-V node. The ST-segment 116 begins at the endpoint of
the S wave and ends at the onset of the T wave. During the
ST-segment 116, the atrial cells are relaxed and the ventricles
are contracted so that electrical activity may not be visible. In
other words, as indicated above, the ST-segment 116 is nor-
mally isoelectric.

FIGS. 2A and 2B graphically represent respective ECG
signals 210, 212 that differ from the “typical” ECG signal
100. As shown in FIGS. 2A and 2B, the ST-segment 116 may
experience elevation (FIG. 2A) or depression (FIG. 2B) from
the isoelectric line 112 in a vertical direction. ST-segment
elevation or depression may occur, for example, with cardiac
injury, ventricular aneurysms, Prinzmetals angina, pericardi-
tis, myocardial ischemia, or other diseases. An artisan will
recognize from the disclosure herein that ST elevation shown
in FIG. 2A and the ST depression shown in FIG. 2B may
occur in the same patient as detected through different leads.

FIGS. 2A and 2B also illustrate locations of respective
J-points 214. The J-point 214 is a junction between the QRS
complex 110 and the ST-segment 116. As discussed below, a
selected time duration from the J-point is used to determine a
location where the amplitude of the ST-segment is measured.
For example, traditional ST-segment measurements may be
made at approximately “16xR-R interval post J-point, where
the R-R interval is the heart beat interval or distance between
a selected point on one ECG signal to the corresponding point
on the succeeding signal. This corresponds, for example, to a
60 msec post J-point time at a heart rate of approximately 60
beats per minute.
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FIG. 3 is a simplified block diagram of a system 300 for
monitoring ST-segment resolution according to one embodi-
ment. The system 300 includes a plurality of leads 310 elec-
trically connected to a receiver component 312 that is in
communication with a processor 313, a memory device 314,
a display device 316, an audio component 318, and an inter-
face component 320. The leads 310 include wires and elec-
trodes configured to attach to a patient (not shown) to detect
ECG signals. The receiver 312 may include, for example, an
amplification component 322 to amplify the ECG signals
detected by the leads 310, a filtering component 324 to elimi-
nate undesirable noise from the ECG signals, and an analog-
to-digital (ND) converter 326 to provide converted ECG sig-
nals through a system bus 328 to the processor 313.

The processor 313 may include a special purpose processor
configured to perform the processes described herein. In
another embodiment, the processor 313 is a general purpose
processor configured to execute computer executable instruc-
tions (e.g., stored in the memory device 314) to perform the
processes described herein. In addition, or in other embodi-
ments, the processor 313 may be connected to a host com-
puter 330 having a display device 332. The host computer 330
may include computer executable instructions for performing
the processes described herein. The host computer 330 may
be used in certain embodiments, for example, to provide
remote patient monitoring.

In one embodiment, the system 300 allows a clinician to
select one or more indicators of myocardial reflow for use in
guiding a patient’s therapy. The system then automatically
monitors and displays the selected indicators on at least one of
the display devices 316, 332. In certain embodiments, the
audio component 318 provides an audible alarm and/or verbal
annunciation of ST-segment resolution percentages that
exceed a defined threshold. The interface component 320
may include, for example, an integrated keypad, touch screen,
or other user controls. The interface component 320 may also
include, for example, interfaces for an external keyboard, a
mouse, a printer, an external storage device, and/or a network
adapter.

In one embodiment, a clinician may press a key, for
example, to manually mark the ST-segments (from available
ECG leads) as baseline measurements. The clinician may also
mark the ST-segments at the initiation of an intervention and
enter text that describes the marker (e.g., “baseline” or
“thrombolytic”). The system 300 monitors the patient and
automatically displays the clinician selected indicators of
ST-segment change in the ECG leads that meet predefined or
selected measurement criteria.

FIG. 4 graphically illustrates a user interface 400 for dis-
playing a linear graphical trend of an ST-segment in a selected
lead according to one embodiment. The user interface 400
may be displayed, for example, on the system display device
316 and/or the host display device 332 shown in FIG. 3. The
user interface 400 graphically displays a baseline value 410 of
the ST-segment relative to the ST trend 412, which corre-
sponds to variations in the ST-segment over time. Thus, the
user may quickly compare the historical ST-segment value
with the baseline ST-segment value.

As shown in FIG. 4, the ST trend 412 may be plotted
relative to time displayed in an x-axis 414. The time displayed
in the x-axis 414 may be an actual time of day (e.g., 11:15:00,
11:30:00, 11:45:00. . . ) on a displayed date 416 or an elapsed
time relative to measuring the baseline value 410 and/or treat-
ing the patient. The ST trend 412 may also be plotted relative
to a measured voltage value displayed in a y-axis 418. Thus,
using the values displayed in the x-axis 414 and the y-axis
418, the user may quickly determine the numerical value of
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the ST-segment at a selected point in time. The user may also
quickly determine a percentage of ST-segment resolution.

In one embodiment, the user interface 400 automatically
displays one or more markers that indicate a time to reach a
trigger event such as a predetermined or user selected ST-
segment resolution threshold. For example, the user interlace
400 may display markers relative to the ST trend 412 to
indicate when 20%, 30%, 50%, and/or 70% ST-segment reso-
lution is reached for the selected lead.

In the example shown in FIG. 4, a first marker 420 corre-
sponds to an intervention and includes an arrow at the time of
the intervention, a displayed time of day when the interven-
tion was administered to the patient, and user entered text to
indicate the type of intervention (e.g., a “thrombolytic” was
administered at 11:15:00). A second marker 422 corresponds
to the trigger event and includes an arrow at the time of the
trigger event, a time of the trigger event, and text describing
the trigger event (e.g., 50% ST-segment resolution was
reached at 12:08:00). Thus, the user is visually notified that
the time to 50% ST-segment resolution for lead II is 53 min-
utes. In certain embodiments, the audio component 318 pro-
vides an audible alarm (e.g., a tone or verbal announcement,
as discussed below) when a trigger event is detected.

Although a single trigger event marker 422 (50% ST-seg-
ment resolution) is displayed in FIG. 4, an artisan will recog-
nize from the disclosure herein that multiple trigger event
markers may also be displayed (e.g., for 20%, 30%, 50%,
and/or 70% ST-segment resolution). Further, multiple linear
graphical trends 412 corresponding to various affected leads
may be displayed together. An artisan will also recognize
from the disclosure herein that other types of markers and/or
information may also be displayed including, for example, an
elapsed time between measuring the baseline value and
administering the intervention, an elapsed time between mea-
suring the baseline value and the second marker 422, an
elapsed time between the first marker 420 and the second
marker 422, shapes other than arrows, the ST-segment value
and/or percent of ST-segment resolution at the time of the first
marker 420, and colors to distinguish between various mark-
ers.

FIG. 5 graphically illustrates a user interface 500 for dis-
playing percent ST-segment resolution values per ECG lead
at predetermined or user selected times according to one
embodiment. The user interface 500 may be displayed, for
example, on the system display device 316 and/or the host
display device 332 shown in FIG. 3. In certain embodiments,
the user interface 500 may be displayed in addition to the user
interface 400 shown in FIG. 4.

The predetermined or user selected times displayed in the
user interface 500 may be relative to the baseline measure-
ment time and/or the intervention time. Thus, the user may
quickly determine quantitative values for affected leads at
various times. In the example shown in FIG. 5, numeric
percentage values for ST-segment resolution are provided for
lead 11, lead III, and lead AVF at 30 minutes, 60 minutes, 90
minutes, and 180 minutes. An artisan will recognize from the
disclosure herein that any lead may be selected for display of
its percent ST-segment resolution.

FIG. 6 is a flow chart illustrating a method 600 for dynami-
cally monitoring ST-segment resolution in a patient accord-
ing to one embodiment. The method 600 includes acquiring
610 an ECG signal and receiving 612 user selected criteria for
evaluating ST-segment resolution. As discussed in detail
below with respect to FIGS. 7A and 7B, the criteria for
evaluating the ST-segment resolution may include a user
selected post J-point time at which the system 300 measures
successive ST-segment values, or defining parameters for
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using multiple post J-point times to statistically analyze ST-
segment changes (e.g., by determining variance, skew, kur-
tosis, and/or other characteristics of data points measured
within the ST-segment). The criteria for evaluating ST-seg-
ment resolution may also include display options, alarm
options, and trigger event options. The system may include a
set of default criteria for evaluating the ST-segment. The user
may also be allowed to define one or more of the default
criteria.

The method 600 also includes receiving 614 a baseline
initiation signal, measuring 616 a baseline ST-segment value
according to the selected criteria in response to the baseline
initiation signal, and displaying 618 indicia of the baseline
ST-segment value. In one embodiment, the baseline initiation
signal is activated when the ECG signal is first detected and
the criteria for evaluating the ST-segment resolution are
known. In addition, or in other embodiments, the baseline
initiation signal is set by the user to reset the baseline at a
desired time (e.g., at a time corresponding to a treatment
administered to the patient). A time at which the baseline e
ST-segment value is measured may be referred to herein as a
“baseline time.” As shown in FIG. 4, the indicia of the base-
line ST-segment value may include a horizontal line 412
and/or a marker 420.

The method 600 includes periodically measuring 620 the
ST-segment deviation according to the selected criteria and
displaying 622 a linear graphical trend of variations in the
ST-segment deviation relative to the baseline ST-segment
value. The ST-segment values may be measured, for example,
every heartbeat (e.g., every detected J-point 214), a selected
fraction of the heartbeats (e.g., every fourth detected J-point
214), or at selected or predetermined intervals (e.g., approxi-
mately every 90 msec). As discussed above, an example linear
graphical trend 412 of variations in the ST-segment relative to
the baseline ST-segment value 410 is shown in FIG. 4.

The method 600 may also include detecting 624 a trigger
event relative to the baseline time and/or value and providing
626 indicia of the trigger event. As discussed above, the
trigger event may, include detecting a selected or predeter-
mined percentage of ST-segment resolution (e.g., upon
detecting 20%, 30%, 50%, and/or 70% ST-segment resolu-
tion). The trigger event may also correspond to a selected or
predetermined time after the baseline time (e.g., 30 minutes,
60 minutes, 90 minutes, and/or 180 minutes after the baseline
time).

The method 600 shown in FIG. 6 may be used, for example,
when a patient is in a hospital’s emergency department with
chest pain, being monitored in a coronary care unit while
receiving intravenous fibrinolytics or other interventions, in a
telemetry unit being monitored via a wireless transmitter to a
central station monitor, or during a catheterization procedure
in the catheterization lab. Busy healthcare providers may
forget to measure and calculate the ST-segment changes at
appropriate times. Further, there may be different levels of
expertise wherein not all personnel are trained to make ST-
segment resolution measurements. Thus, an automated tech-
nique such as the method 600 shown in FIG. 6 advanta-
geously standardizes and systematically implements a
protocol in an emergency department, coronary care unit, or
other treatment facility. Such a method provides selected,
institutionally accepted measurements that automatically
appear on the patient’s monitor and/or central station when a
trigger event is detected, indicating a selected magnitude of
ST-segment resolution. This data may be accessible at any
time on the patient’s monitor and/or the central monitoring
system.
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FIG. 7A graphically represents the use of a selected post
J-point time tg,-in an ST-segment 116 to evaluate ST-segment
resolution according to one embodiment. For illustrative pur-
poses, a baseline ECG signal 710 (dashed line) is shown
overlapping a current EGG signal 712 (solid line) with the
peak values of the respective R waves aligned. In one embodi-
ment, known techniques are used to automatically determine
and track the J-point time t, of the respective ECG signals
710, 712. A user may select a post J-point time to, (e.g., 20
msec, 40 msec, 60 msec, 80 msec) at which a height differ-
ence Ay, between the baseline ECG signal 710 and the
current ECG signal 712 is determined. A cardiologist or other
skilled health care provider may select the post J-point time
tybased on factors such as the patient’s heart rate.

Selection of the post J-point time ty, may have a drastic
affect on the ST-segment resolution value. For example, if the
post J-point time tg, were selected such that it were in an area
714 closer to the T wave, the change in height Ay, between
the baseline ECG signal 710 and the current ECG signal 712
would be much less than that shown in FIG. 7A. In other
words, not every point within the ST-segment 116 will likely
reach a selected ST-segment resolution (e.g., 50%) at the
same time. Thus, in certain embodiments, multiple post
J-point times are used to evaluate ST-segment resolution.

For example, FIG. 7B graphically represents using mul-
tiple post J-point times in an ST-segment 116 to evaluate
ST-segment resolution according to another embodiment. In
this example, ST-segment values are measured at multiple
post J-point times beginning with an initial time t, and a final
time t;. The distance between post J-point times is repre-
sented by dt. An artisan will recognize from the disclosure
herein that any number of post J-point times within the ST-
segment 116 may be used, and may be limited in certain
embodiments only by the speed at which the data points may
be measured. Between the initial time t, and the final time t,,
the difference between the baseline ECG signal 710 and the
current ECG signal 712 varies between Ay, and Ay ;.

Various techniques may be used to evaluate changes in
measured data sets corresponding to the baseline ECG signal
710 and the current ECG signal 712. For example, integration
techniques may be used to determine the area between the
baseline ECG signal 710 and the current ECG signal 712
during the interval from the initial time t, and the final time t; .
In another embodiment, a trigger may be detected when any
of'the measured points between the initial time t, and the final
time t, reaches a selected threshold value (e.g., 50% resolu-
tion).

In addition, or in another embodiment, various statistical
techniques may be used such as comparing the mean value or
standard deviation of the baseline data set to the mean value or
standard deviation of the current data set. Another statistical
technique may include comparing the variance or distribution
spread of the data sets about their respective mean values by
calculating the second moment of the respective data sets. In
addition, or in another embodiment, the skew or lack of
symmetry may be compared by calculating the third moment
of the respective data sets. In addition, or in another embodi-
ment, the kurtosis or degree to which the distribution is
peaked may be compared by calculating the fourth moment of
the respective data sets. An artisan will recognize from the
disclosure herein that many other known statistical tech-
niques may be used to evaluate changes to the ST-segment
116 over time.

In certain embodiments, audible alarms and/or other
audible indications are automatically provided when a thresh-
old ST-segment resolution value is reached on one or more
leads. For example, in one embodiment, verbal annunciation
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of percent ST-segment resolution of one or more selected
leads is provided when a user selected percent ST-segment
resolution is detected. For example, if the user selects notifi-
cation when the ST-segment percent resolution is greater than
or equal to 20%, the system 300 shown in FIG. 3 may
announce, “33% ST-segment resolution in Lead V1 and 25%
ST-segment resolution in Lead V2.”

In addition to the annunciated quantitative ST changes, a
visual comparison of the baseline ECG signals to current
ECG signals is provided in certain such embodiments for
some or all of the ECG leads. In some embodiments, ECG
signals with ST-segment resolutions that reach the threshold,
or ECG signals corresponding to selected leads, are automati-
cally magnified or otherwise highlighted on the user inter-
face. The user interface may display one baseline ECG signal
(e.g., corresponding to a pre-intervention heart beat) using a
first line color (or pattern) for each affected lead, superim-
posed with the current ECG signal of the same respective lead
in a second line color (or pattern). Together with the quanti-
tative ST-segment resolution, the visual ECG changes may be
part of an ST report provided to the user.

FIG. 8 is a flow chart illustrating a method 800 for moni-
toring ST-segment resolution in a patient according to one
embodiment. The method 800 shown in FIG. 8 includes
acquiring 810 a plurality of ECG signals corresponding to
selected leads, receiving 812 user selected criteria ST-seg-
ment resolution, receiving 814 a baseline initiation signal,
measuring 816 baseline ST-segment values for each selected
lead, and periodically measuring 818 ST-segments for each
selected lead according to the selected criteria.

For each selected lead, the method 800 further includes
comparing 820 a current ST-segment value to the correspond-
ing baseline value and querying 822 whether the ST-segment
resolution for the lead has reached a threshold value. If none
of' the leads has reached the threshold ST-segment resolution
value, the method 800 continues measuring 818 ST-segment
for each selected lead and comparing 820 the current ST
segment value to its corresponding baseline value. Once one
or more leads reach the threshold ST-segment resolution
value, the method 800 provides a verbal annunciation of
percent ST-segment resolution per selected lead. In one
embodiment, the annunciation (e.g., “50% ST-segment reso-
Iution in lead 1) is provided for all selected leads. In another
embodiment, the annunciation is only provided for leads that
have reached the threshold value.

As shown in FIG. 8, in some embodiments the method 800
also includes, for each selected lead, displaying 826 an over-
lap of the baseline ECG signal and the current ECG signal.
For example, FIG. 9A graphically illustrates a user interface
900 for displaying a plurality of overlapped ECG signals 910
(twelve overlapped pairs shown) according to one embodi-
ment. In this example, current ECG signals are displayed as
solid lines overlapped with their respective baseline ECG
signals as dashed lines, for each lead (lead I, lead 11, lead III,
lead aVR, lead aVL,lead aVF,lead V1, lead V2, lead V3, lead
V4,lead V5, and lead V6). The R wave of each current ECG
signal is aligned with the R wave of its corresponding base-
line ECG signal. In certain embodiments, different colors
may be used for current ECG signals and baseline ECG
signals.

While FIG. 9A shows overlapped ECG signals 910 for
each lead in a twelve-lead system, in certain embodiments a
user may select a subset of leads to display. As shown in FIG.
9A, the user interface 900 may include other information such
as a current date 912, a current time 914, selected criteria for
measuring ST-segments (e.g., measuring each ST-segment at
a post J-point time of approximately 60 ms), and a current

5

10

15

20

25

30

40

45

50

55

60

10

heart rate 918. An artisan will recognize that the user interface
900 may also display other information such as a baseline
ST-segment value per lead, a current ST-segment value per
lead, and/or a percent ST-segment resolution per lead.

The method 800 may also include highlighting 828 dis-
played ECG signals corresponding to ST-segment resolutions
that have reached the threshold. For example, in addition to
(orinstead of) displaying the user interface 900 shown in FIG.
9A, the method 800 may display an enlarged version of over-
lapped ECG signals 910 corresponding to leads with ST-
segment resolutions that have reached the threshold. For
example, FIG. 9B graphically illustrates a user interface 920
that displays an enlarged version of a baseline ECG signal
922 (dashed line) overlapping a current ECG signal 924 cor-
responding to a particular lead (e.g., lead I) that has reached
an ST-segment resolution threshold according to one embodi-
ment. The user interface 920 may display the location of the
isoelectric line 112, a location 926 (e.g., selected post J-point
value) where the ST-segment is measured, the percent ST-
segment resolution 928 (e.g., 50%), an clapsed time 930
between the baseline ECG signal 922 and the current ECG
signal 924 (e.g., 53 minutes), and an indication 932 of the
corresponding lead (e.g., lead I).

The method 800 shown in FIG. 8 may be used, for example,
in acute situations when users (e.g., clinicians) are perform-
ing procedures and have other concurrent tasks that may not
allow the user to view and calculate ST-segment changes
from the ECG waveform data.

FIG. 10 graphically illustrates a user interface menu 1000
usable with the system 300 shown in FIG. 3 according to one
embodiment. The user selectable functions discussed below
with respect to the user interface menu 1000 may include
software menu items (e.g., selectable with a mouse), dedi-
cated controls (e.g., front panel controls), keystrokes on a
keyboard, and/or other user interactions.

The user interface menu 1000 allows a user to select a “set
baseline” function 1010 to reset the ST-segment baseline for
available ECG vectors (leads). When the user activates the set
baseline function 1010, selected ECG waveforms and corre-
sponding ST-segment numeric data are bookmarked for later
comparisons. In one embodiment, bookmarking includes
recording the selected waveforms for a predetermined
amount of time. For example, in one embodiment, selecting
the set baseline function 101 records the selected ECG wave-
forms and corresponding ST-segment values for a minimum
approximately six seconds. An artisan will understand from
the disclosure herein, however, that much shorter or much
longer times may also be used.

The user interface menu 1000 also allows the user to select
a “relearn baseline” function 1012 that causes the current
ECG complex from each available lead to become the most
recently learned baseline morphology. The ST-segment val-
ues from each ECG lead (e.g., deviations from the isoelectric
line) become the baseline numeric values and the point from
which high and low alarm limits trigger the ST alarm annun-
ciation.

In one embodiment, the user interface menu 1000 also
allows the user to select an “ST-segment measurement crite-
ria” function 1014. As discussed above, the user may specify
when each ST-segment measurement is to be carried out
and/or define statistical measurements for evaluating ST-seg-
ment resolution. In one embodiment, the system 300 is con-
figured to dynamically analyze ST-segment deviation with
variations in heart rate. Using known algorithms, the system
300 provides accurate ST-segment measurements without
constant user surveillance to reposition the isoelectric line,
J-point value, and/or post-J point value. The algorithms are
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also used to automatically measure ST-segment values by
determining the vertical distance from the isoelectric line to
the post J-point measurement location.

In addition, or in other embodiments, the user may select
the post J-point value from a menu. For example, FIG. 11
graphically illustrates a user menu 1100 for selecting a post
J-point value according to one embodiment. The user menu
1100 allows a user to select, for example, a 20 msec, 30 msec,
40 msec, 60 msec, or 80 msec post J-point value. The user
menu 1100 also allows the user to make a “custom selection”
to enter a desired post J-point value that is not listed in the
menu. In certain embodiments, the system 300 automatically
places a post J-point cursor at the selected time for measuring
ST-segments, until such time as the user may change the post
J-point duration. In one embodiment, the system 300 pro-
vides a warning to the user when the ECG complex does not
allow sufficiently accurate ST-segment measurements when
relatively long post J-point durations are selected (e.g., when
a high heart rate causes the selected post J-point to be located
proximate to or within the T wave).

In addition, or in other embodiments, the ST-segment mea-
surement criteria function 1014 may allow the user to select
from various statistical analysis options for multiple data
points acquired within the ST-segments. For example, as
discussed above, the user may select comparisons based on
variance, skew, kurtosis, or other statistical analysis func-
tions. The user may also be allowed to define parameters to
use in the statistical analysis such as start and stop times
within the ST-segment, and distances between acquired data
points.

In one embodiment, the user interface menu 1000 allows
the user to select a “freeze” function 1016 to hold the display
of a current ECG signal. In certain such embodiments, the
user is allowed to position electronic cursors or calipers on the
display screen to manually measure the ST-segment elevation
or depression.

In one embodiment, the user interface menu 1000 allows
the user to select an “ST presentation options” function 1018
that provides the user with the ability to select from a variety
of two-beat superimposition options. For example, FIG. 12
graphically illustrates a user menu 1200 for selecting ST
presentation options according to one embodiment. The
options include displaying baseline ST values to current ST
values, displaying baseline ST values to peak deviations,
displaying baseline ST values to selected ST alarm events,
displaying peak ST values to current ST values, displaying
peak ST values to post-intervention ST values, displaying
baseline ST values to 60 minutes post-intervention ST values,
and displaying baseline ST values to 90 minutes post-inter-
vention ST values. An artisan will recognize from the disclo-
sure herein that other display options my also be available. In
one embodiment, a default presentation includes displaying
baseline ST values to current ST values.

Returning to FIG. 10, the user interface menu 1000 may
also allow a user to select an “ST alarms” function 1020 that
provides the user with the ability to select a percent ST-
segment resolution threshold and/or a post-intervention time.
When ST alarm limits are violated in one embodiment, for
example, the user is able to quickly compare the baseline ST
values to those leads which violated alarm limits, as discussed
above in relation to FIGS. 9A and 9B.

The user interface menu 1000 may also allow a user to
select a “mark event” function 1022 that provides the user
with the ability to mark an event (bookmark) to indicate a time
corresponding to an intervention (treatment) or patient symp-
tom. As discussed above, the intervention may be labeled on
available waveform data and trend data to correspond to the

10

15

20

25

30

40

45

50

55

60

65

12

time of the marked event. The user is able to compare the
baseline ECG values to the time at which an event was
marked.

The user interface menu 1000 may also allow a user to
select a “display leads” function 1024 that provides the user
with the ability to group and display specific ECG leads (e.g.,
from a list of available leads for three, five, six, and ten-lead
wire systems) per myocardial segment anatomy such as ante-
rior, posterior, inferior, and lateral ventricular walls. For
example, FIG. 13 graphically illustrates a user menu 1300 for
selecting groups of leads for display according to one
embodiment. In this example embodiment, grouped leads
that may be selected for display correspond to inferior
ischemia (leads I, II, and AVF), lateral ischemia (leads I, AVL,
V5, and V6), septal ischemia (leads V1 and V2), posterior
ischemia (leads V1, V2, and V3), and global ischemia (leads
AVEF, V2, and V6). The user interface also includes a “custom
selection” option to selectively group any combination of
leads for display.

It will be understood by those having skill in the art that
many changes may be made to the details of the above-
described embodiments without departing from the underly-
ing principles of the invention. The scope of the present
invention should, therefore, be determined only by the fol-
lowing claims.

The invention claimed is:

1. A method for dynamically monitoring ST-segment reso-
Iution in a patient, the method comprising:

acquiring an electrocardiogram (ECG) signal that

includes, for each of a plurality of detected heart beats,
an ST-segment between a QRS complex and a T wave;

at a user selected time, determining, using a processor, a

baseline value for the ST-segment relative to an isoelec-
tric value;

measuring, using the processor, a plurality of ST-segment

values relative to the isoelectric value for a plurality of
heart beats over time;

displaying a linear graphical trend of variations in the

measured ST-segment values relative to the baseline
value;

detecting a trigger event relative to at least one of the user

selected time and the baseline value; and

providing indicia of the trigger event;

wherein detecting the trigger event comprises determining

that an ST-segment resolution percentage has reached a
threshold value; and wherein providing indicia of the
trigger event comprises displaying marker at a location
on the linear graphical trend corresponding to an elapsed
time when the ST-segment resolution percentage
reaches the threshold, wherein the marker indicates the
elapsed time and the ST-segment resolution percentage.

2. The method of claim 1, wherein providing the indicia of
the trigger event further comprises providing an audible sig-
nal.

3. The method of claim 2, wherein the audible signal com-
prises a verbal annunciation that communicates the ST-seg-
ment resolution percentage.

4. The method of claim 3, wherein the verbal annunciation
further communicates an identification of a lead that acquired
the ECG signal.

5. The method of claim 1, wherein detecting the trigger
event further comprises determining a lapse of a predeter-
mined amount of time after the user selected time.

6. The method of claim 5, wherein providing indicia of the
trigger event comprises displaying a measured percentage
ST-segment resolution value for one or more leads relative to
the lapsed time.
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7. A method for dynamically monitoring ST-segment reso-
lution in a patient, the method comprising:

acquiring an electrocardiogram (ECG) signal that
includes, for each of a plurality of detected heart beats,
an ST-segment between a QRS complex and a T wave;

at a user selected time, determining, using a processor, a
baseline value for the ST-segment relative to an isoelec-
tric value;

measuring, using the processor, a plurality of ST-segment
values relative to the isoelectric value for a plurality of
heart beats over time;

displaying a linear graphical trend of variations in the
measured ST-segment values relative to the baseline
value; and

allowing a user to select criteria for evaluating ST-segment
resolution, wherein determining the baseline value and
measuring the plurality of ST-segment values are based
on the user selected criteria;

wherein the user selected criteria comprise a post J-point
value at which the baseline value and the plurality of
measured ST-segment values are determined.

8. A method for dynamically monitoring ST-segment reso-

lution in a patient, the method comprising:

acquiring an electrocardiogram (ECG) signal that
includes, for each of a plurality of detected heart beats,
an ST-segment between a QRS complex and a T wave;

at a user selected time, determining, using a processor, a
baseline value for the ST-segment relative to an isoelec-
tric value;

measuring, using the processor, a plurality of ST-segment
values relative to the isoelectric value for a plurality of
heart beats over time;

displaying a linear graphical trend of variations in the
measured ST-segment values relative to the baseline
value; and

allowing a user to select criteria for evaluating ST-segment
resolution, wherein determining the baseline value and
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measuring the plurality of ST-segment values are based
on the user selected criteria;

wherein the user selected criteria comprise selection of

multiple post J-point values for use in comparing the
baseline value and the plurality of measured ST-segment
values.
9. The method of claim 8, wherein the user selected criteria
further comprises one or more statistical algorithms selected
from the group comprising mean, standard deviation, vari-
ance, skew, and kurtosis.
10. A non-transitory computer accessible medium com-
prising program instructions for causing a computer to per-
form a method for dynamically monitoring ST-segment reso-
Iution in a patient, the method comprising:
acquiring an electrocardiogram (ECG) signal that
includes, for each of a plurality of detected heart beats,
an ST-segment between a QRS complex and a T wave;

ata user selected time, determining a baseline value for the
ST-segment relative to an isoelectric value;

measuring a plurality of ST-segment values relative to the
isoelectric value for a plurality of heart beats over time;

displaying a linear graphical trend of variations in the
measured ST-segment values relative to the baseline
value;

detecting a trigger event relative to at least one of the user

selected time and the baseline value; and

providing indicia of the trigger event;

wherein detecting the trigger event comprises determining

that an ST-segment resolution percentage has reached a
threshold value; and wherein providing indicia of the
trigger event comprises displaying marker at a location
on the linear graphical trend corresponding to an elapsed
time when the ST-segment resolution percentage
reaches the threshold, wherein the marker indicates the
elapsed time and the ST-segment resolution percentage.
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